Point Estimate and 90% CI For Patients With Hepatic Disease and Healthy
Matched Controls Following Oral Administration a Single 10 mg Dose of Benevas

Tablet
Parameter Mild (n=4)/Control (n=4) Moderate (n=8)/Controls (n=8)
Point Estimate (90% C1) Point Estimate (90% CI)
AUCOQ-o0 1.06 (0.54-2.09) 1.65 (1.43-1.90)
Cmax 0.94 (0.56-1.56) 1.13 (0.88-1.44)
Half life 0.86 (0.74-1.00) 0.98 (0.66-1.47)
CL 0.99 (0.79-1.25) 0.82 (0.73-0.92)
CLR 1.10 (0.70-1.72) 1.07 (0.96-1.21)
Urine (%) 1.17 (0.57-2.40) 1.77 (1.53-2.04)
Table 7.23.1:1 Descriptive Statistics of RNH-6270 Plasma Pharmacokinetic Parameters
Following Oral Administration of the 10 mg CS-866 Tablet
Dose Descriptive | AUCq,, AUC,. Con Tou* tan
Groap Statistics | (ag/ml) | (ag.b/wL) | (og/ml) Gn) (brs)
' N_ 2 12 12 F) 12
Hepatically Ln'gm“" U142 | 24258 | 26738 | 200 15.23
Al paticots [ 35D 6152 619.9 47.59 473
CV% 23535 356 7.9 311
N ] ) 3 4 i
Hepatla® | vieae 27 | 20 | 26035 | 200 1443
Mikd +SD 100526 | 1019.55 43.79 1.53
[TV% 454 458 16.8 1045
N 1 3 3 K] 3
Heputcally | Mrimet | 25149 | 26252 | 2090 | 200 15.62
Moderate %s;p: 3862 3529 | 5235 580
T3 14.0 93 372
N 2 12 12 2 12
Healthy ‘M’:_ff"m 1988 | 17081 | 2%26 2.00 1627
Scbjess 1555 3561 514 &34 436
CTV% ~369 6.8 762 LA ]
Source: Section 103, Table 11
*Tuex I3 reported as medinn, B0t mesn.
Figare 7233:1 M-M)MINH-ORMHG ‘n-ePr-lh-lle 1=
with MAd Hapati k M d Heaktiy S T
Mmdﬁt)l-gw‘hﬂu g .
;. N = S
-t 7232 Plesma Phar Anstics Fellowing I

Mean plasna conccoirations over e by patient group and mestched controls

" Hows Prom Dosi:
Secree Dutx: Tubia 10 Dosing following Iv sdmisistration of RNH-6270 are presssted im Section 10.2, Table 13.
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Table 7.2.3.2:1 Descriptive Statistics of RNH-6270 Plasms Pharmacokicetic Psrameters
Following Intravenouns Administration of the 8 mg NN1I-€370 Bolution

Dose Group | I acriptive [ AUCLy | AUCse | Gos Tau’ | ta cL
Statistics (rg L) | (og.b/mL) | (ag/ml) | (hrs) | (hrs) | (L/b)
N 12 2 12 12|12 V3
Hepatically X
Iaired | M 65012 | 9244 265117 |07 |1402 [123
Al patiests | 35D 15034 | 16091 [ 302672 |WA |171 |030
V% N} p3] 142 | WA (123 (243
N ) 2 ] ] ] ]
Be by xi] !m‘“‘ 61793 |es060 |aas62s Joas [re02 |1m
MBI £ 34900 (25218 | 316130 | WA 101|047
CV% 367 371 1148 NA {63 353
3 3 3 3 i 3
Hepatically [Aribmetic
L b ol B o4 |eom36 (172863 017 {1302 119
Moderste | 25D 11483 | 11537 | 24733 | WA 083 | 03D
CV% 163 163 143 NA |84 169
N 2 3 12 (13 2
Healthy W, . 59639 |s752  |220408 {017 [1445 |139
Sebjees 55 0075 170083 [30219 |NA |Z&@ [0
. [CV% 169 169 137 [NA |1 [178
Sowrce: Section 102, Table 12
* Tom I8 reported as medizn, not mean.
APPEps
0N P THis Way
161 Nay
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Figore 72.32:1  Mean Plasma RNH-6270 Coscentration -Time Profiles of Patients with Mild
Hepatic Impatrment vs. Matched Healthy Subjects Following Intravenous
Admbsistratioa of the 8 mg RNH-6170 Solstion

001

Figure 72.33:2  Meaa Plasma RNH-6270 Conceutration -Time Proflics of Patients with
Moderate Hepatic Impatrment vs. Matched Healthy Volunteers Followiag
Intravenous Administration of the 8 mg RNH-6270 Solution
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Table 7.23.3:1 Mean Percent of RNH-6270 Escreted ia Urine / Meas Renal Clearance
Following Oral Admigistration of the 10 mg CS-366 Tublet

Mear Perceat of Dose Excreted Urise (% CV)
Time Isterval oI Hepatic impaired | Hepatic Impaired | Healthy
@n) - MRd - Moderate —AlPatients | Volunteers
04 3TGLD su_ﬁ $4(46.9) 4.1 (39
3 33 ) 4.1 3.3 (49. X JT'%H
=12 1.6(87. —33(i6; » szSl‘;S) uézm—.
12-4 3.9 31.2) 35 (40.8) 1.9 (41.1)
2443 T2 8416 18(333) 0.9 (453
%) ""‘T(Sz.z 043713) 02 (32.3)
, T3% 02(31.3) 8132 mm VO(41A
W 131013) 189(173) 7‘6(_2167_‘11‘—013%—5 X
28.7) 0.61 (24.6) 0.60 (24.3) 0.55(17.1)

——Wﬂ.'ﬁua land 14
* Based on fotal emount of drug recovered over the 96 hour collection period, therefore, this may not
reflect the sum of the intervals due to rounding.

Figure 7233:1  Mean (8.D.) RNH-6270 Urine Concentration st Each Collection Interval

Bardeye UBA Quspergion
Protonst: 860~ DO
Rgret

Mom 6.4) Wine N =EB0 Cunighe Anarts Ing) Ensvied

't
o] - — - - - e w En e o= - = e o o
-
4 rd - -an guEn Svam v e GED e o= e WED e
L

Comiatin M-I Bt Vgt
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Reviewer’s Summary:

1. The selected dose of 10 mg may be considered low, since the recommended initial
dose is 20 mg. However, for safety reasons in these patients, this dose can be
acceptable.

2. It should be noted that no severe patients were included in this study.

3. Also, the study may lack adequate power. There 1s no equal number of subjects in
each group, particularly, the number of subjects in the mild group is rather small
(n=4).

4. After oral administration, the mean AUC is about 30% and 47% higher in mild and
moderate hepatic impairment than healthy subjects, respectively. However, the Cmax
was not affected in this study.

5. After intravenous administration, there was little difference in the AUC and Cmax
among the groups. In this case, the AUC was about 14% and 17% higher in mild and
moderate hepatic impairment than healthy subjects, respectively. The effect of liver
impairment on the absorption and the metabolism process of the drug can explain the
difference between oral and IV data. When the drug is given IV, no absorption
process takes place nor there is exposure of the drug to hepatic metabolism.

6. In terms of urine data, the amount excreted in urine was consistently higher in patients
than healthy subjects. The % of olmesartan dose excreted in urine over 96 hours was
15.1% in mild and 18.9 % in moderate hepatic impairment. However, in healthy
subjects, it was 11.5%. After IV administration, the % of dose was 39.3 and 58.3% in
mild and moderate hepatic disease, respectively, compared to 38.7% in control
subjects.

7. The fraction unbound tends to be higher in patients compared to control group. The
mean % fraction unbound was 0.34% and 0.41% in mild and moderate impairment,

respectively, compared to 0.26% in control healthy subjects.

8. It should be noted that according to the sponsor’s proposed label, no dose adjustment
was recommended in patients with hepatic impairment.

Conclusion:

The drug should be carefully monitored in patients with hepatic impairment, especially in
severe cases.
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Vol. 70

Study # SE-866/07

Title:

MULTIPLE DOSE TOLERABILITY, SAFETY AND PHARMACOKINETIC STUDY
OF THE ANGIOTENSIN HANTAGONIST CS-866 IN YOUNG AND ELDERLY
HYPERTENSIVE PATIENTS

Investigator:

— - e
~ SESEREERE,

Objective:

The objective of the trial was to evaluate the safety and tolerability of single and multiple
oral doses of CS-866. Plasma and urine PK were also investigated.

Study Design:

This was a double-blind, placebo-controlled, parailel group of young (18 —45 years) and
elderly (65-75 years) hypertensive patients. In each group, 12 patients received a daily
dose of 80 mg (4 x 20 mg) Bemnevas tablets for 10 days and six received placebo. The PK
was determined after a single dose (Day 1) and steady-state (Day 10).

Formulation:

The lot # of the 20 mg tablets used in this study was 232; 204F.
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Results:

Fl L ]

Figure | and Table ! m he ph rasuies of this stady.

Agure L. Moedian Maamne RNH-EX70 Cancontrations versus Time Profile

18ii§iii;

Vaddar: plowns 84--8170 comenbuton pyni-§

' 2 ] ] Y » r . .
Ve e @rg on Duy 1 Deye)

AR sw= | seey

& = siderty pge prop Y= young agt group

Table V. Summary of Pharmaceidnetic Parameters

Coe fng/mi} 1310421.8) 113131222 |1288(21.0)
GM (GCV)
e I 200 7 |15 T |16 = 115
MD (Min, Max)
AUC(0-24) Nn61423.2 |. TI72112.8) -
[ng.hmi]
GM IGCV)
AUC gt - 6807 (22.6) |- 8078 (22.6)
[ng.h/mi)
GM (GCV)
-~ continued -

¥ ey zgzm W"‘;ﬂ&:\iﬂ“
13 I MM T I Sty
BN T EIEER
- 12.85 (40.2)
Am(0-24) ) B06P {1378) | 4970 (1004) 3587 (8772.0) 4883 (2096)
AM (SD)
Am({0-48) g) - 6403 (957.85) | - 8348 (2178}
AM {SD)
Dosse excretad 7.912.2) 7.8(1.8) 5.6 (1.4) 7.8 (3.3)
(24n) (%)
AM (SD)
Oosa excrsted - 9.8 (1.6) - 8.4 13.4)
{48n) (%)
AM (SD}
CL, imi/min) 11.4 (19.6) 1.8 (10.4) 7.5 127.8) 8.3 (20.1)
GM (GCV)
GM: G otri 6LV: G ic coefficient of veriation [%); MD: Median; AM:

Arithmetic mesn; 50): Standard devistion; Doss sxcreted: percentsge of dose administered
excreted as RNH-8270
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Reviewer’s Comments:

1. At steady state, the exposure in elderly as exemplified by mean AUC was about 33%
higher than in young (6807 vs. 9078 ng.h/ml). However, in terms of Cmax, it was .
higher by only 9% in elderly compared to young (1313 vs. 1436 ng/ml).

2. No difference in the % of dose excreted in urine after multiple dosing between the
two populations (7.8 % vs. 7.6 %)

3. Overall, the difference between young and elderly may have some clinical
significance.

Conclusion:

The exposure to the drug appears to be greater in elderly than in young. Dose adjustment
based on age may not be necessary. According to the sponsor’s proposed label, no dose
adjustment is necessary in elderly population.
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Vol. 72

Study # SE-866/14

Title:

A PHARMACOKINETIC, SAFETY AND TOLERABILITY STUDY OF THE ORAL
ANGIOTENSIN II-ANTAGONIST CS-866 IN YOUNG AND VERY ELDERLY
PATIENTS WITH MILD TO MODERATE ESSENTIAL HYPERTENSION
Investigator:

Objective:

To evaluate PK parameters of RNH-6270 in plasma and urine after single and multiple
dosing (10 mg o0.d.}, comparing young {aged 18 to 45) and very elderly (75 years of age
or more} patients.

Study Design:

This was a double-blind, placebo-controlled, parallel group of young (18 —45 years) and
very elderly (>75 years) hypertensive patients. In each group, 18 patients received a daily
dose of 10 mg Benevas tablets for 14 days and six received placebo. The PK was
determined after a single dose (Day 1) and steady-state (Day 14).

Formulation:

The lot # of the 10 mg tablets used in this study was 2233V97003 (=D97T02)

CA\DMAUTOP\TEMP\QBR2.DOC:SH 103



Results:

Young

Day 1

Day 10

Elderly

Day 1 Day 10

GM IGCV)

M6.58117.71

254.53 (14.38)

279.96 {29.39) 289.50 {18.02) ’

tmee Ih)
MD min. max)

2.0 ( ————

e

1.8

20 ———

1.5 e

!

AUC(0-24 hi (ng-Vmi)
GM (GCV)

1218.25 {28.64)

1798.82 126.38)

AUCau,. Ing-h/mil
GM (GCV)

1911 017.4)

2035.4 (23.2)

ta ()
GM (GTV)

12.30 {23.10)

16.49 (47.56)

Am{0-24 bl Img)
AM (SO}

0.86 (0.29)

0.80 {0.19}

A, [mgl
AM 1SDI

1.05 (0.27i

0.89 (0.21)

Dose excreted (24 N {%]
AM (SD})

10.82 {3.86)

13,25 (3.45)

10.07 {2.33)

11.1812.58)

Cla {mltmin)
GM IGCV)

10.98 {42.41)

12.12(27.47)

7.21(30.78)

7.09 (28.44)

GM: Geometnc mesn; GCV: Geometric coalficient of varistion [%); MD: Median. AM: Arsithmetric mesn; SD:
Standsrd deviation; Dose excrated: Percentage of doss adminisiered excreted o3 RNH-6270

Fgure i:  Nedien RNH-§270 Plasrme Concentimtion ve Time Profils by Age-
Group stter Multiple Dose (cf. Section 8.1, Figure 22.2; Section B.2,
Tabie 34)
»ne
i)
!-l
§~
g™
-
-
o
. L » L]
Time st tust aaatng P4
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Fgurs i:  Medisn RNN-6270 Plasma Concentration vs Time Profile by Age-
Group atter Single and Multiple Dose (Dey 1 10 Day 18; cf. Section

8.2, Table 34}
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Reviewer’s Comments:

1. At steady state, the exposure in elderly as exemplified by mean AUC was about 44%
higher than in young (1411 vs. 2035 ng.h/ml). However, in terms of Cmax, it was
higher by 13% in elderly compared to young (254 vs. 289 ng/ml).

2. No difference in the % of dose excreted in urine after multiple dosing between the
two populations (13 % vs. 11 %)

3. Compared to the other study in elderly (#SE-866-14), this study shows slightly more
exposure to the drug in the very elderly patients.

Conclusion:

Overall, the difference between young and elderly may have minimal clinical

significance. According to the sponsor’s proposed label, no dose adjustment is necessary
in elderly population.
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Vol. 68
Study # 866-110
Title

A Comparative PK Study of CS-866 Tablets in Healthy Adult Male and Female
Volunteers

Investigator

/

Objective

To assess the PK of CS-866 tablets administered under fasting conditions to healthy adult
male and female volunteers

Study Design

This was a single 20 mg dose of Benevas tablet administered orally to 18 males and 17
females. The drug was administered after a 12 hour fast. Blood and urine samples were
collected over 72 hours for PK analysis.

Formulation:

The lot # of the 20 mg tablets used in this study was 293.
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Results:

Figure 7.2.2:1 Mean (4SD) Plasma Concentrations Linesr Scale
Sandys UBA Cuparytion
Poutage: 008 W)
Pgues £

Wear 543 Pusvn ANH=EDD Conareratons
U Banje

L% Cormntonpyinl)
«.otUbRIBABARINNY

4

L] . » L ] - L] » - - - -« - - L] - - L] - »
* Houss Frum Doding
— s St Ll - hanand )

Table 7.2.2:1 Summary of Pharmacokinetic Parsmeters for RNH-6270

Panmeter . Mean' (25D)
Females(N=17) | Males (N=18)
AUC, ., 3673.01 (21032.47) | 3134.63 (2645.99)
(nghr/ml)
AUC,. 372924 (21039.09) | 316728 (£658.15)
 (og hr/ml.) _
[Cee (ng/ml) 574.59 (2180.03) 506.17 (290.47)
T, (hr3) 2.00 L5
(1, (&r5) 18.72 (£5.92) 14.80 (+4.78)
VF (L) 12228 ($42.78) 111.65 (341.95)
"CVF (L) 4.64 (21.03) 5.26(x1.07)
CL, (L/hr) 0.55 (:0.17) 0.55 (:0.07)

Source: Section 10.2, Table 5
"The modian for T, is displayed; all other parameters are presented as mean values
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Table 7.2.3:1 Mean Renal Clesrance/Mean Percent of RNH-6270

Urine for Each Gender Group
Time Mean Percent (%CV) of Dose Excreted in Urine
Female RNH-6270 Male RNH-6270

04 53(292) 4.7 (22.6)

[ 33(362) 30020)
312 13070 12053)
13-24 14G12) 13 (36.0)

24-48 0.7 (30.9 0.6 (43.4)
{472 0.2 (46.6) 02 (64.0

[Total (0-72) 122(19.7) 10.9 (21.6)
CL, (LR 0.6 (30.0) 0.6(12.3)
Source: Section §0.2, Tables 5 and 6

Figure 72.3:1 Mean (#5D) Urine RNH-6270 Cumulstive Amounis Excreted

Basirge UBA Cupasarton
Protess: B8 1O

Cumdghn WL 70 Exnbd vy

I A AR EEEEERE RN

Rewe ¢
Hean § 4) LMine =020 Cuvusarion Arransrts $ngd Ensated
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Reviewer’s Comments:

1. In females, the Cmax and AUC were about 17% and 13% higher than males.
However, there was no difference in other PK parameters between females and males.

2. Interms of urine data, the amount excreted in urine was consistently higher in females
than in males. However, there is little difference in the overall amount of drug

excreted in urine. The mean % excreted in urine in female was 12.2% and in males
was 10.9%, ’

Conclusion:

Overall, the difference between males and females can be considered of no clinical
significance and thus no dosing adjustment is necessary.

0 T
¥ or /G/%i Wy
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Vol. 84

Study # SE 866/08

Title:

THE EFFECT OF THE COMBINATION OF THE ORAL ANGIOTENSIN II-
ANTAGONIST CS-866 AND WARFARIN ON PHARMACODYNAMICS,
PHARMACOKINETICS AND SAFETY IN HEALTHY, MALE SUBJECTS

Investigator

.’
-

OBJECTIVES:

To investigate any possible influence on the Quick factor (in seconds and INR) after
coadministration of warfarin and CS-866 in healthy volunteers. The secondary objectives
are to investigate the pharmacodynamics (PTT) and PK of warfarin and RNH-6270.

Study Design:

This was a double-blind, placebo-controlled, two-way crossover in 24 healthy subjects.
All subjects received an individualized dose of warfarin alone for a run-in-period of two
weeks (day 1-13) to obtain values of 1.4 to 1.8 for International Normalized ratio (INR).
After the run-in-period, the a group of 12 subjects received Benevas 40 mg (2x 20 mg)
tablets or placebo daily for one week in a crossover design (Either Day 14-20 or Day 23-
29). The PK or PD (INR and Partial thromboplastin time-PTT) were done on Day 20-23
or day 29-32. The details of study design is as follows:

Period: Period | Period It Period 1
Time: Day 1-13 Day 14 - 20 Day 23 - 29
Sequence Group A C6-868 Placebo
Treatment . Warferin Warferin
Wartann
Sequence Group B Placebo Cs-888
Treatmant Warfarin Warfarin
Pharmacokinetic/ Day 20 - 23 Day 29 - 32
- dynsmic profile
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Formulation:

The lot # of the 20 mg tablets used in this study was 220 and for warfarin was 5209

am——

Assay:

The plasma concentration of warfarin was determined by . wee————— . The
limit detection of this assay is == pg/l. The calibration curve was linear from 25 pg to

1264 png/ml. The inter and intra-assay precision (%CV) is approximately w % as shown
below as examples:

-~

Iabic 1. Recalculated R-Warfarin concentrations [jg/1] of the calibration sampies and
statistical evaluation on both validation days.

cafibration curve 53 50.6 253 506 758 1264
day 1 a6 488 22 506 766 1231
day 2 248 §2.7 259 491 792 1225
mean 262 50.7 256 493 779 1228
standard deviation 0.584 276 7.8 106 183 ag2
inter-assay precision %]

scouracy [%)

Iable2: Recakulated S-Warfarin concentrations {jig/1] of the calibration ssmples and
statistical evaluation on both validation days,

calibration curve 5.3 50.6 53 506 758 1264
{dayd 250 515 253 509 768 1227

day 2 250 51.9 251 43 792 1227

mean 20 517 252 501 780 1227

standard deviafon 0024 0204 155 1.0 173 0073

inter-assay precision[%)

accuracy %]
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Assay (continued)

Tabie S: Recslculsted R-Warfarin concentrations [jag/1] and statistical evahuation of the

validation samples on day 1.
sample 0. 253 506 1264
1
2
3
‘ I
5 |
6 |
mean 56 498 1244
.. standard deviation 1.14 9.07 230
nra-assay precision [%] ‘
acouracy [%] '

" Table 6. Recalculated R-Warfarin concentrations [;1g/1) and statistical evahmtion of the

validation sempiles on day 2.
$ample no. 53 506 1264

1

2

3

y l

5

6 _
mean %0 54 1223
standard deviation 142 132 210
infra-assay precision [%]
accuracy [%]

* : pot used for calculstion
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Results:

The mean data are shown in the following Tables.

: ]

Table X: Mean Pharmacokinetic Parameters of ANH-6270 + SD

Parametsr Sequence group

A (M) 8 N Totad
Cot. e [Pg/mil 680 % 117 716 1 284 a97 £ 213
Coa. min INg/mMI) 22.64 12 98.29 20.08 £+ 7.82 21.30 1 B.41
tou Th) 1.792 0.2¢6 1.67+0.39 1.73120.33
tip I} 13.36x2 5.8 12,501z 2.78 12.83 £ 4.21
AUC,, oy Ing®himi) 4064 : 828 4182+ 1388 411321118

sequence group A = Pit;

CS-8686 + warfarinn, Pili: placebo + warferin

bo + wartarin, PYI: CS-888 + walfarin

e g

Table i: Mean Pharmacokinetic Parameters of Warfarin Enantiomers + SD
and Pasrametric 80% Confidence Intervals for Treatment Ratios

Parameter | € CS-868 + Placebo + 0% Confidance interval
wartain wartarin
Lower point upper
fimit estimator #mit
ALC R | 11887249858 | 1210324653 | 0.903t1 | D.9841 | 1.0202
luo':'m”" S | 86762 3548 84981+ 3348 | 09716 | 1.0023 | 1.0300
Con. o [ 887 £ 284 665 + 229 0.9602 1.0188 1.0808
s | sB392188 171171 1.0077 | 10378 | 1.0886
g/}
" R 19218 17415 o.8498 | 1.1500 | 1.6502
m s 142 1.0 12108 0.8850 | 1.2182 | 1.6505
E = Enantiomer
113
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Table VII: Mean Pharmacokinetic Parameters of Wearfarin Enantiomers + SD

Parameter | Sequence R-Ensntiomer pg/) S-Enantiomer pgAl
Growp
Treatment
CS886+w placebo +w CS-888+w plecebo +w
Con. o A 654 £ 240 6334195 602 £ 213 460 1 182
wan 8 721+ 282 €96 £ 264 576 £ 162 675 2 144
Total 687 + 264 665 1 229 5391 188 517217
Con. e A 3621 164 3682113 2241116 21542102
o -] 39821 204 411 1223 263 1 108 283 ¢ 310
Tota 377+ 182 389+ 174 2432110 2492110
{3 A 2019 20220 1.1206 1.220.7
th) 8 18217 1.3t06 1.721.2 1.120.8
Total 19118 17215 1.421.0 1.2+ 06
*
- AUCy pae |4 11680 +4855 | 1147343410 | 7895 £ 3835 7307 + 3038
g 8 12233 £5427 12732 15728 9267 £ 3480 9689 £ 3332
Total 11887 14956 | 12103 24653 8576 & 3549 8498 £ 3346
w: warterin -

sequence group A =Pii: CS-868 + wartarin, Plll: placebo + warfarin
sequence group B « PIl: placebo + warferin, Pill: CS-858 + warfarin

Table I: Mean Pharmacodynamic Parameters of Quick and PTT £ 8D
and 90% Confidence Intervals for Treatment Ratios

Parameter CS-866 + Placebo + 80% Confidence interval
wartarin warfarin
fower point upper
Bmit estimator Bmit
f';a';" 16103 1.620.3 0.9376 | 1.0000 | 1.0625
sl 43.2+: 4.0 4271239 0.9238 0.9699 1.02585
8
x,’:‘.';ﬂ”‘ 37.4t69 374126 0.9582 | 1.0028 | 1.0448
a*m 9852 ¢ 91.1 975.7+888 | 09482 | 0.8728 | 1.0090
if,;-,"‘," 1.62032 14103 0.92868 | 1.0000 | 1.0714
o] 3781238 37.8133 09808 | 1.0026 | 1.0821
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Tadble XI: Mean Quick Vaiues ¢ SD by Sequence

A. Days with Single Measurements
Day Period Mean of Quick {INR] 2 SD
Sequence group A Sequence group B
Scrosning 1.00 £ 0.07 1.0910.08
Day 13 t 1.51£0.11 1.48 2 0.10
Day 14 ] 1.54+0.14 1.62£0.13
Osy 18 1.81£0.18 186+ 0.8
Day 18 1.6810.31 1.74 £ 0.25
Day 22 1.48£0.28 1.54 2 0.26
*

-~ Day 23 m 1.4620.28 1.68 £ 0.36
Day 25 1.4810.27 1.6810.29
Day 27 1.4810.28 1.58 2 0.34
Day 31 1.4820.33 1.52£0.32
Dsy 32 1.48 1 0.21 1.8320.30
SFU 1.08£0.10 1.04 £ 0.09

SFU = Safety Follow-up

sequence group A = Pli: CS-888 + warterin, Piil: placabo + warfarin
sequence group B = Pii: placabo + warfarin, PHI: CS-868 + warfwrin

B. Kinetic Days

Dsy Time afver Mean of Ousick [INR) £ SD
dosing [hj
Sequence group A Sequence group B
Dey 21 | pre-dose 1.5820.28 1.71120.30
2 1.4520.22 1.83120.2¢
4 1.501 0.26 1.621 0.3
8 1.6020.29 1.65 1 0.29
12 1.58 £ 0.30 1.64 £ 0.34
2 1.58 £ 0.34 1.63£0.33
Day 30 pre-doss 1472034 1.85 2 0.30
2 1.48 £ 0.32 1.63+0.27
4 1.46£0.33 1.6320.32
8 1.5020.32 1.5620.33
;f 146 £ 0.31 1.8320.29
1.53£034 1.61£0.34

ssquence group A = Pii: CS-888 + warfarin, PIll: placabo + wartsrin
sequence group B = Pii: placebo + wartarin, Piit: CS-866 + wartarin
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Table XIi: Quick BNR] Characteristics, Mean t SD

Parameoter Sequence Trastment

Group CS-886 + wartarin placebo + warferin
€. ver A 1.6510.33 1.5710.33
[INRI

B8 1632035 1.72 2 0.34

Total 1.64 £ 0.33 1.64 £ 0.34
Eue. oo A 1.43+0.29 1.39 2 0.30
JINR}

B 1.4810.28 1.49 £ 0.26

°. Totsl 1.4510.25 1.4410.28

AUE, 520 A 375188 3568+2.6
NR*N

B . 37.327.3 39.127.5

Totat 374209 3741726

sequence group A = Ptl: CS-866 + warfarin, PHi: placebo + warferin
saquence group B = Pli: placabo + werfasin, Piil: CS-886 + warterin

Takde XIV: Mean PTT Vaes ¢ 5 by Seqoence Table XV: PTT Charscteristics, Moan ¢ $D
Dwy Tiwe sher Wean of PTT [o} £ SO
tosing N Poranoter | Sequence Treatment
SomagesA | Sepucspued o CS868+warfarin | placebo + wartarin
Screaning 31120 %8118
e A 423140 420448
D2t | predone 25248 N2330 L
2 388260 86233 ] Wit 7 434£32
4 052 092
' 1348 Q4124 Towd 432240 4271398
;: 411153 NA134
412848 428237 (. A 4147 2117
)]
Dy 20 ro-dose LTI 418123 . 384122 5220
2 38240 405228
‘ Ni142 4032425
M vy Wi Toral N8:30 79132
;: wres 43130
00147 Q22238 A, 35 [ A 064113 pe24102
N .
Dy 22 02241 03429 ’ 1008 1 80 ’min
s 387134 47232 Totat 896141 L0
s o A » P CS-860.+ wariwh, PW; placato + wartrhy sequence group A = P C3-808 + warfwin, PIA: placebo + warfarin
9quence grod B = PY: placabo + warfain, PRt CS-388 4 wariwrin sequencs group 8 = PE: placebo + warfarin, PII: C3-366 + wartwrin
SR = Satety Folowsp
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Reviewer’s Summary:
1. There was no difference in any of the PK parameters of warfarin PK for either R or S
enantiomers when administered with benevas or placebo. For example the mean AUC

for R-Warfarin was 11887 and 12103 ug.h/ml when administered with Benevas and
placebo, respectively.

2. Similarly, Benevas had no effect on PTT values compared to placebo.

3. Furthermore, warfarin had no effect on any of the PK parameters of Benevas.

Conclusion:

There was no clinically significant drug interaction in this study in either direction.
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Vol. 87

Study # SE-866/15

TITLE .
THE EFFECT OF THE COMBINATION OF THE ORAL ANGIOTENSIN II-
ANTAGONIST CS-866 AND DIGOXIN ON THE SAFETY, TOLERABHLITY AND
PHARMACOKINETICS IN HEALTHY, MALE SUBJECTS :

Investigator:

. —————

-

OBJECTIVES

The primary object is to investigate any possible influence on the PK of digoxin after
coadministration of CS-866 at steady state in healthy, male subjects. The secondary
objective is to investigate the PK of the main metabolite of CS-866 (RNH6270).

Design:

This was a double-blind, placebo-controlled, two-way crossover in 24 healthy subjects. In
this study, all subjects entered a run-in-period and received 0.375 mg dose of digoxin
daily for 10 days. After this period, while on daily digoxin doses, all subjects received

either 20 mg dose of Benevas or placebo for 7 days in a crossover design.

It should be noted that the PK analysis was conducted only for digoxin. In other word, the
study focuses only on the effect of Benevas on the PK of digoxin.

Formulation:

The lot # of the 20 mg tablets used in this study was 2234V97009 and for digoxin was
F3758A —

APPEARS T
HIS
ON ORIG!NA,_WAY

CADMAUTOP\TEMP\QBR2.DOC:SH 118



Assay:

Digoxin plasma concentration was determined by

V——— ! Wlth a

detection limit of *™= ng/ml. The calibration curve is linear up 3 ng/ml. The precision (%
CV) of the assay (niter and intra-assay) was in the range of o=

following Tables:

Table |: Concentration of Digoxin {pg/} in calibration samples iested along with
samples from subjects of 2 drug interaction study (extemal study po. SE-

866/15)

£

J.
WA~ AN

fertified concentralon [g]

0107 067 0SM 107 267 SM |

N

1

standard deviation
ner- 2853y precision (%]
acouracy %)

0106 028 05 103 25 5@
00028 00193 0036 00505 00645 0278

#: rejeced from caicutaion

% as shown 1n the

Table 2: Cm c{L Digoxin (ug1) _in vailidation samples tested along with

np ] ofa -
e drug study (external study po. SE.
Sorshed concentrsbon {1sg)
batch no. 0.303 0.758 .03
1
1
2
2
3
3
4
4
£
S
]
]
7
7
L]
8
9
®
10
10
11
17
12
12
13
meen 0327 0.783 3.07
standerd devistion 0.0292 0.0647 0.233
h-.—yw‘:lm )
| Scouracy =
# : rejecied fom calcuation

ui:ﬁnhmmﬂnm.m
ns. : no sgnale
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Results:

Figure I. Median Concentration of Digoxin (ng/ml) In Plasma After Multiple
Doss (Periods Il and Iil}

e &8 ¢

i *

8 & ¢

e -

T

s 1 2

T T T Y

3 48 8 7 8 PN RSY

T T

MWW TNY NN DN

Table |. Pharmacokinetic Results of Digoxin, Geometric Mean

{Geomatric CV)
Pharmacokinstic Minimum | Maximum | Geometric mesan | Geometric mesn
parameter coadministration | coadministration

CS-886 placebo
AUC,, , th®ng/mi) 20.74 (26.84) 20.97 {25.16)
Crc e InQ/mt) 2.15 (26.16} 2.13 {26.00)
Loy (M) L emm—— 1.0 (0.5-3.0)° [1.0(0.5-3.0
¥
S_g@ Ing/mi) 0.54 (33.94) 0.45 {123.33)
1 Csx o (nG/M) 10.88 (25.84) 0.87 (25.15)

* Median {Minimum-Maximum)
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Table Il. Pharmacokinetic Resuits of RNH-8270, Geometric Mean

Pharmacokinetic Geometric mean (rangs)
parameter coadministration with digoxin
AUCqq « th®ng/mi) 2883 (1356 - 4517)
| Cxx oua (NQ/m) 440 (208 - 741)
2] 20(1.0-3.00
 C 55 (NG/) 16.6 (7.17 - 26.3)
 typ N0 12.2{7.0 - 26.3)
* Median *eN=22
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Reviewer’s Comments:
1. Concomitant administration of Benevas with digoxin had essentially no effect on the
pharmacokinetics of digoxin. Except for Css, min, which was marginally higher when

digoxin was administered concomitantly with Benevas as compared with placebo. -

2. The AUC for digoxin was 20.74 and 20.97 ng.h/ml when administered with Benevas
and placebo, respectively.

3. It would have been preferable is the sponsor also investigated the effect of digoxin on
the PK of olmesartan.

Conclysion:
No clinically significant drug interaction was observed in this study. The focus of this

study was mainly on the effect of Benevas on the PK of digoxin. It should be noted that
the effect of digoxin on the PK of olmesartan is unknown.

APPEARS THis
W
ON ORIGINAL AY
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Vol. 91
Study # SE-866/04

EFFECTS OF THE ANGIOTENSIN I-ANTAGONIST CS-866 IN SALT-DEPLETED -
HYPERTENSIVE PATIENTS (SINGLE DOSE)

Investigator:

Objectives:

The primary objective is to assess the dose-response relationship of CS-866 in association
with a low sodium diet on blood pressure in hypertensive patients. The secondary
objective is to assess the effect on the renin-angiotensin system.

Study Design:

In this study the drug was administered in a double-blind, placebo-controlled, four-way
crossover design to 16 salt depleted patients. Each patient was involved in four treatment
periods. Group 1 (n=8) received the following single doses: placebo, 2.5, 10, and 40 mg
and Group 2 (n=8) received the following doses: placebo, 5, 20, and 80 mg. All patients
were placed on a low-sodium diet of 3 to 4 g/ml 3 days prior to drug administration.
Blood samples for PK were collected only at pre-dose and at 3, 6, and 12 hours post dose.
For response, blood pressure and relevant biochemical (pharmacodynamic) were
monitored. Patients received one of the following treatment sequences as shown below:

Group I:

Day 1 Day 8 Day 15 Day 22
A 2.5 mg 10mg 40 mg Placebo
B: 2.5mg 10mg Placabo 40 mg
C: 2.5 mg Placebo 10 mg 40 mg
D: Placebo 2.5mg 10mg 40 mg
Group Ii:

Day 6 Day 13 Day 20 Osy 27
E: 5mg 20 mg BO mg Piacebo
F: Smg 20 mg Placebo 80 mg
G: 5mg Placebo 20 mg 80 mg
H: Placebo 5mg 20 mg 80 mg
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Formulations:

The lot #s of the 2.5, 5, 10, and 20 mg tablets used in this study are 201F, 202F, 203F,
204 F, respectively.

Results:
Table IV. Mean 24 h Diastolic Blood Pressure Values {+S.D.) for Dose
Groups [mmHg) (Appendix 4, Listing 13; Section 8.2, Table 4)
. Dose Doss Meon dBP Medisn dBP

Group Group

Placebo | 88.17115.08 89.5 Placebo® | 79.141213.93 80.0
265mg | 84.34215.49 845 smg 76.62115.54 77.0
10mg | 81.31215.88 80.0 20mp° | 70.691214.88 71.0
“Omg | 81.82214.837 83.0 80 mg 70.21215.64 70.0

* 7 in these groups (see Section 4)

Table V. Conventional Diastolic Blood Pressure Values of Group 1, Group 2
(meens + 5.D. of 8 patients, 2 measurements each) immHg])
(Appendix 4, Listing 15; Section 8.2, Tables 5.13 - 5.15)

Group 1 Group 2

{n=16) {n= 16}
Screening: 103.31+6.24 Screening: 103.06+7.53
Pre-Phase: Pre-Phase:
Day -3 106.3115.89 Day -3 104.88+£5.21
Day -2 106.2514.80 Day -2 104.00x3.93
Day -1 106.94+5.79 Day -1 103.38+3.32
Mean Pre- 108.50+5.28 Mean Pre- 104.081+4.19
Phase:* Phese:*®
Close-Out Visits: (Day 2) Close-Out Visits: (Day 2)
Placebo 95.9426.82 Placebo 88.43+08.12
25mg 97.69+5.63 5 mg 90.69 11.57
10mg 89.38+5.69 20 mg 78.64 £ 08.92
40 mg 90.38+ 8.86 80O mg 76.50+13.03

*n=48
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Reviewer’s Summary:

This study lacks the adequate power to establish the dose-response relationship for this
drug. The mean plasma concentrations at 3, 6, and 12 hours appear to be dose
proportional in all subjects. The Figure below shows the relationship Between Dose and -
Mean Plasma Concentration of Olmesartan at 3, 6, and 12 hours in 8 subjects.

1200 1
1000
800
600
400 4

200 4

Mean Plsama Concentration (ng/mtf)

Dose (mg) .

There appears to be some relationship between 24 hour diastolic blood pressure and dose
in each group. The Figure below shows the relationship Between Dose and Mean 24
Hours Diastolic Blood Pressure (n=8)

4

85 Gp. 1 (Piacebo, 2.5, 10, and 40 mg)

Mean 24 Hour Diastolic BP (mmHg)
~
w

Gp. 2 (Placebo, 5, 20, and 80 mg)

80 T -r - J
10 20 30 L 50 60 70 80

Dose (mg)

o
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Mean Ag Il Concentration (fmol/mi)

Overall, there is a reduction of about 10 mmHg in each group from the respective
baseline with increase in dose. However, it should be noted that the baselines are
markedly different between the two groups (i.e., 88 mmHg in Group 1 and 79 mmHg in
group 2). This results in two different profile for each group with two different baselines
(see Figures ). The reason for this marked difference is unknown. Similarly, two .
markedly different baselines and curves where observed for renin activity and angiotensin
plasma concentrations. There was a weak relationship between dose and/or olmesartan
plasma concentration and renin activity and angiotesnin plasma concentration. The
relationship starts plateau after the second dose in each group (see Figurés below).

Relationships Between Plasma Concentration and Angiotensin 11 (left) and Renin
(right) plasma concentration (n=8).

[ 4

—~

21 Gp. 2 (Placebo, 5, 20, 80 mg)
Gp. 2 (Placebo, 4, 20, and BO mg) 24 -
S 1]
5 £,
PRTE
(o] ; 12
o
< 10 4
c
5
T ¢ Gp. 1 (Placebo, 2.5, 10, and 40 mg)
s 4
Gp. 1 (Placebo, 2.5, 10, and 40 mg) i )
LR,

0 200 400 600 BOO 1000

0 200 400 600 800 1000

Mean Plasma Concentration (ng/mi) Mean Plasma Concentration (ng/ml)

Conclusions:

This study lacks of adequate power to establish the dose-response relationship for this

drug. Overall, there is a reduction of about 10 mmHg in each group from the respective
baseline with increase in dose.

APPEARS THIS way
ON ORIGINAL

C:\DMAUTOP\TEMP\QBR2.DOC:SH 125



Vol. 90
Study # SE-866/03
Title:

COMPARISON OF THE ANGIOTENSIN H-ANTAGONIST CS-866 WITH THE ACE
INHIBITOR ENALAPRIL IN HEALTHY MALE SUBJECTS CHALLENGED WITH
ANGIOTENSIN I (SINGLE DOSE)-

Investigator:

- P
Objectives:

The primary objective of this trial was to assess the inhibitory effect of CS-866 on the
pressor action of exogenous angiotensin (Ang I) and to compare this with the effect of
enalapril. The safety and tolerability of CS-866 was a further consideration, as was the
response of plasma components of the RAS {plasma renin activity and Ang II levels).

Study Design:

This phase I study was designed as a randomized, double-blind, double-dummy, placebo-
controlled, four-way crossover trial, assessing the inhibitory effect of the angiotensin
(Ang) II-antagonist CS-866 on the pressor action of exogenous angiotensin I (Ang I) after
single-dose administration in healthy male subjects, compared to enalapril. There were
two groups of eight subjects. These subjects received four doses of trial medication (2.5,
10 or 40 mg CS-866 or placebo in group 1 and 5, 20 mg CS-866, 20 mg enalapril or
placebo in group 2) in one of eight possible sequences (A-H). Two subjects were assigned
to each sequence.

Before the first administration of trial drug, an individual Ang I response curve was
plotted for each subject, in order to determine which concentration of Ang I was required
to increase systolic blood pressure (sBP) by the 2.5 to 40 mg. This dose was then used in
each of the subsequent trial periods. Each trial period lasted for 24 hours with each

- subject receiving one single dose of study drug. During this time several Ang I challenges
were made and blood samples were drawn for the assessment of pharmacokinetic and
pharmacodynamic parameters.
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Formulations:

The lot #s of the 2.5, 5, 10, and 20 mg tablets used in this study are 217, 218, 219, 220
respectively.

Treatment Regimen and Dosage

Each group consisted of 8 subjects. Treatments were in one of the following sequences:

Group 1

Period 1 Period 2 Period 3 Period 4
A o 2.6 mg 10 mg 40 mg - placebo
B: 2.5mg 10 mg placebo 40 mg
C: 2.5mg placebo 10 mg 40 mg
D: placebo 2.6 mg 10 mg 40 mg
Group 2:

Period 1 Period 2 Period 3 Period 4
E: 5mg 20 mg enalapril placebo
F: 5mg 20 mg placebo enalapril
G: 5mg placebo 20 mg enalapril
H: placebo 5mg 20 mg enalapril

(A-H are the different treatment sequences, two subjects were assigned to each sequence).
Each dose consisted of two tablets and a capsule.

Results:

The results clearly demonstrate that CS-866 is significantly more effective at inhibiting an
Ang I-induced increase in sBP than placebo. This is true for all doses used including the
lowest one, 2.5 mg. Statistical tests also show that there is no significant difference In
efficacy between CS-866 and enalapril (the difference at 20 mg CS-866 is borderline
significant). The graphs of change in sBP suggest that there is no substantial gain in

~ inhibitory potency when increasing the dose beyond 10 to 20 mg. There was a less than
proportional increase in the plasma concentrations of olmesartan especially at the higher
dose. This data was based on the plasma concentration at 2 hours (Cmax) and AUC.24
hour. In contrast, pharmacodynamic results lack clear proportionate increases in
parameters examined over the range of doses studied.
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Table. Systolic Blood Pressure percentage response of the area above the Curves

(AAC:s) by treatments
AAC
s::,’:' Medication Mean = S.D. Medien (Min, Max)

) placebo 385 & 267 200 —_—
2 piscedo 380 2 291 370 — 1
1 2.5 mg C3-806 1162 » 608 1270 —
2 B mg CS-868 1381 = 835 1454 — |
1 10 mg CS-868 1710 + 236 1590 —
2 20 mg CS-866 1801 2 333 1810 —

= 40 mg CB-588 1880 & 766 1968 ——
2 20 mg enaleprll 1328 2 817 1388 _

Table (V. Exploratory Resiudts of Palrwise Statistical Testing of AACs {Section
8.2, Teable 11.5)

Medien difference’ (p-vaiue)
CS-866 Dose
vs. Placebo . . vs. Enalapril
2.56mg 850 (0.031) * -87 {0.803) **
6mg 1300 {0.018) ** -87 {0.945) *
10mg 1303 (0.018) ** 22% {0.118) **
20 mg 1400 [0.008) ** 429 {0.058) *
40 mg 1839 (0.031) ** 602 [0.328)

¢ Ditterence in medians in independent samples;

* Placebo, Growp 1 ; .** Placebo, Group 2
* Wiicoxon signed-rank test ; ** Wicoxon rank-sum test

Tabls V. Pharmacokinetic Parameters of RNH-6270 In Plasms by Medicstion
(Section 8.3, Appendix 5, Tables 2.1, 2.2 and 3.8 - 3.13)

Doss of Pharmacokinetic Parameters
cS-868 ]
tmg) AUC(0-24) Ing.h/mi) . Ingimi) T M)
{geom. maan {geom. CV)) | (geom. mean (geom. CV)) (m.di.n)l'mtn,
Max,
2.5m=8 440 (20.7) 70 (32.6 2 -
Bin=8 1018 {10.00 183 (24.9) 2 o |
10 (=7 1498 (24.4) " 2330288 2 -
20 (n=8) 3121 (18.9) 483 128.2) 2. ==
40 in=7) 4878 (15.4) 587 (33.8)

C:\DMAUTOP\TEMP\QBR2.DOC:SH 128



v,

Reviewer’s Summary and Findings:

This was a double-blind, double-dummy, placebo-controlled, single dose, four-way
crossover in healthy subjects. There were two groups of 8 subjects. In each group,2 .
patients received placebo. Each patient involved in four treatment periods. Group 1 (n=_8)
received the following single doses: placebo, 2.5, 10, and 40 mg Benevas tablets and
Group 2 (n=8) received the following doses: placebo, enalapril (20 mg), 5 and mg
Benevas tablets. Blood samples for PK and PD (e.g., renin and angiotensin II) were

collected at 1, 2, 4, 8, and 24 hours after dosing. For response, blood pressure was
monitored throughout.

The following are further analysis of the data conducted by the reviewer. Based on this,
the mtan plasma concentrations of olmesartan at 2 hours (Cmax) appears to be dose
proportional in both groups of subjects (Figure 1).

Figure 1 Relationship Between Dose and Olmesartan Plasma Concentration at 2
hours (Cmax)

700 1
600 4
500 A
400
300 4
200 A

100 4

Oimesartan Cmax (Cp 2h) {ng/ml)

T n
0 10 20 30 40

Dose (mg)

There was some relationship between reduction in blood pressure (BP) and dose (Figures
2A and 2B). For example, in Group 1, the mean reduction in blood pressure following 20
mg Benevas dose was very apparent compared to placebo. The 20 mg dose of enalapril
was superior to 20 mg dose of Benevas. For better clarity, the effect of placebo was
subtracted from each treatment as shown in Figure 2 B. Again, based on this preliminary
data, it can be concluded that the there was some reduction in blood pressure with 20 mg
Benevas. However, the effect is more pronounced with 20 mg enalapril.
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Figure 2A. Mean Systolic Blood Pressure-Time Profiles in Group 2 Following 20 mg

Benevas and 20 mg Enalapril Compared to Placebo (n=8)
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"x_ o
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\ / \v\/ > 9 P

Time (h)

Figure 2B. Reduction in Systolic Blood Pressure After Placebo Subtraction
(see Figure 2A for actual data).
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At 2 hours, the baselines for systolic and diastolic BP were markedly different between
the two groups (Figure 3-5). In group 1, the mean baseline for the systolic BP was at 2
hour was 118.7 mmHg and in group 2 was 110.1 mmHg. Similarly, for diastolic BP, at 2'
hours, it was 69.4 and 61.4 mmHg in group 1 and group 2, respectively. This results in
two different curves for each group. The reason for this marked difference is unknown.
In addition, there was some relationship between reduction in blood pressure, dose and
plasma concentration, particularly at Cmax, which occurs at 2 hours.

Figures 3-5. Relationship Between Systolic (left), Diastolic (right) blood Pressure
and Dose. The lower Figure shows the relationship Between Systolic Blood Pressure
and Plasma Concentration at 2 hours (cmax)
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E
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g 114
'§ [ ]
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Olmesartan Cmax (Cp 2h) (ng/mL})

It appears that there is a linear relationship between renin activity and angiotensin II at 2
hours (Cmax) of drug administration (Figures 6,7). Enalapril, howerver, caused marked
reduction in renin activity and angiotensin. There was non-linear relationship between
olmesartan plasma concentration (e.g., Cmax) and renin or angiotensin plasma
concentration.
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Figures 6-7. Relationship Between Rennin Activity at 2 hours and Angiotensin I1
Concentration at 2 hours (left) and Olmesartan Plasma Concentration at 2 hours
(Cmax) and Renin and Angiotesin Concentration at 2 hours (right)
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> .E: 0d r ¥ v —r +
o 0 - é [ T70.25 214 D843 45513 5817 Enalaprit
0 2 4 ¢ e ° Olmesartan Plasma Cmax (Cp 2h) (ng/ml)
Renin Activity at 2 hours {Cmax) (ng/mi/h)
Conclusion:

Overall, this study lacks of adequate power to establish a dose-response relationship for
this drug (n=8 in each group).
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Vol. 93
Report # 17240-1.01

Title:

!

Validation of . _ ape— for the Quantitation
of RNH-6270 in Plasma

Investigator/Site:

Method

A method was validated for the determination of RNH-6270 in human plasma by =
S RNH-6270 and an internal standard, RNH-6272,
were extracted from plasma using '

L

Five standard curves assayed over a period of 9 days to determine the interday and
intraday reproducibility. Recovery of RNH-6270 and stability was also determined.
During the validation, quality control samples were . === m——
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Conclusion:

The analytical assay used in this NDA to determine the plasma concentration of
olmesartan (RNH-6270) 1s adequately sensitive, specific and reproducible.
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VYol. 93 and 94 -
Report # 17240-2.01
Title: -

Validation of . ———— for the Quantitation
of RNH-6270 in Human Urine

Investigator/Site:

Method

Isolation of RNH-6270 and RNH-6272 (internal standard) from human urine is
accomplished by ) S -

Six standard curves assayed over a period of 14 days was to determine the interday and

intraday reproducibility. Recovery of RNH-6270 and stability also was determined.
During the validation, quality control samples were
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Conclusion:

The analytical assay used in this NDA to determine olmesartan (RNH-6370)
concentration in human urine is adequately sensitive, specific and reproducible.
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Vol. 6 (Pharmtox/PK)
Study # GR-144-063
Title:

Inhibitory Effects of RNH-6270 on Drug-Metabolizing Enzymes Activities in Human
Liver Microsomes

Investigator:

Analytical and Metabolic Research Laboratories, Sankyo Co., Ltd., Japan

L

Method Experimental :

The inhibitory effects of RNH-6270 on the activities of various drug-metabolizing
enzymes were investigated after addition to human liver microsome fraction at
concentrations of 1, 10, 25, 50, 75, 100, 250 and 500 uM, using substrates specific to the
isoforms of cytochrome P450 (P450). Effects of typical inhibitors of each P450 isoform
were also investigated as a positive control. The following Table shows the summary of
the experimental design:

Isozyme Substrate Final Concentration Protein Conc.
(substrate) (mg/ml)

CYPlAl and 2 7-ethoxyresorufin 10 yM 0.5
CYP2A6 Coumarin 50 uM 0.2
CYP2C19 S-Mephentyoin 0.4 mM 1.0
CYP2C8 and 9 Tolbutamide 1 mM 0.5
CYP2D6 Bufuranol 10 uM 1.0
CYP2E1 Chlorzoxazone 0.4 mM 0.5
CYP3A4 Nifedipine 0.1 mM 0.5
Results:

The Data are shown in the next few pages:

4/’,05
4,93 '
0 T
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Figure 6 CYP2D6 inhibition(Bufuralol hydroxylation) by RNH-6270 and quinidine using
human liver microsomes
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Table1 CYP1A1&2 inhibition (7-Etbhoxyresorufin O-dealkylation) by RNH-6270 and
furafylline asing human Hver microsomes

RNH-6270( 2 M) Resorufin Inhibition
formation

{pwol /min/mg} (%)

0 25.36 -

1 25.11 0.96

10 25.13 0.88

25 25.30 0.23

S0 25.11 0.96

75 23.74 6.39

.. 100 24.11 4.89

250 23.52 7.23

500 22.86 9.83

Furafyll iné(un) Resorufin Inhibition
formation

(pmol/min/mg) (%)

0 10. 21 -

0.05 9.62 5.77

0.1 10.45 -2.42

0.5 8.39 17.80

1 6.80 33.39

2.5 4.04 60.46

5 2.05 79.88

10 0.58 94.28

20 0.04 99. 62
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Table 3 CYP2C19 Inhibition (S-Mephenytoin 4'-hydroxylation) by RNH-6270 and
tranyleypromine using human liver microsomes

RNH-6270( 1« M) Hydroxymephenytoin Inhibition
formation
(pmol/min/mg)  _  (X)
0 21.35 -
1 20. 69 3.09
10 21.15 0.91
25 19.40 8.13
50 20.54 3.79
. 75 18.72 12.29
b 100 20.49 4.04
250 13.98 34.54
500 14.92 3010
Tranylcypromine Hydroxymephenytoin Inhibition
(M) formation
{pwo) /min/mg) %)
0 19.95 -
1 18.73 6.08
10 17.98 9.88
25 13.66 31.50
50 . 10.63 46.72
75 8.91 55.31
100 6.97 65.06
250 3.22 83.86
500 1.70 91.48
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Table 4 CYP2C8&S$ inhibition (Telbutamide bydroxylation) by RNH-6270 and sulfaphenazole
using buman liver microsomes

RNH-6270( 2 M) Hydroxytolbutamide Inhibition

formation
{pmol/mi %

0 134.22 -

1 126.09 6.06

10 . 125.24 6.69

25 111.11 17.22

50 114.41 14.76

. 75 112.60 16.11

" 100 127.32 5.14

250 108.08 19.48

500 78.16 41.77

Sul faphenazole Hydroxytolbutamide Inhibition
(uM) format ion

(pool/min/mg) (%)

0 68.13 -

0.1 70. 46 -3.41

0.5 64.19 5.78

1 56.55 17.01

2.5 . 56.29 17.38

5 45.48 33.24

10 31.24 54.15

20 . 25.65 62.35
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Table § CYP2D6 inhibition (Bufuralol hydroxylstion) by RNH-6270 and quinidine using

buman liver microsomes

RNH-6270( . M) * Hydroxybufuralol Inhibition
formation

(pmol/min/og) (x)

0 9.68 -

1 9.69 -0.07

10 10.21 -5.47

25 10.13 -4.61

50 9.46 2.26

. 75 9.7% -0. 66

100 9.48 2.03

250 9.64 0.42

500 8.71 10.03

Quinidine (uX) Hydroxybufuralol Inhibition
formation

(oo /min/mg) (%}

0 9.17 -

0.1 6.35 30.76

0.5 3.20 65.12

1 2.15 76.52

2.5 . 1.37 85.06

5 1,01 88.97

10 0.53 94.22

20 _ 0.44 95. 24
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Table ¢ CYP2E1 inhibition (Chlorzoxazon 6-hydroxylstion) by RNH-6270 and
diethyidithiocarbamate using Jiver microsomes

RNH-6270( 2 N} Hydroxychlorzoxazon Inhibition
formation

(nmol/win/mg) (%)

0 ’ 2.35 -

1 2.12 8.50

10 1.88 20.10

25 1.91 18.83

50 2.31 1.54

o 75 1.80 23.29

- 100 2.12 9.61

250 1.99 15.18

500 2.15 8.35

Diethyldithiocarbamete Hydroxychlorzoxazon Inhibition
(u ) ' formation

nzol/min/e %

0 3.67 -

0.1 3.17 13.65

0.5 2.73 25,59

1 2.53 31.07

2.5 . 1.60 56. 37

5 0.87 76. 23

10 0.53 85.48

20 0.29 92.04
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Table7 CYP3A4 inhidition (Nifedipine aromatization) by RNH-6270 and ketoconazole using
human liver microsomes

RNH-6270( o W) Oxidized nifedipine Inhibition
formation

(owol/pin/og) (%)

0 631.82 -

1 674.33 -6.73

10 651.87 -3.17

25 665. 30 -5.30

50 670.11 ~6.06

. 75 677.12 1.7

100 702.05 -11.12

250 608. 74 3.65

2500 613.04 2.97

Ketoconazole(.¥)  Oxidized nifedipine Inhibition
format ion

{pmol/min/mg) =~ (%)

0 493.01 -

0.1 106.78 78.34

0.5 21.25 95. 69

1 1.78 99. 64

2.5 2.10 99,57

5 0.00 100. 00

10 0.00 100. 00

20 - 0.00 100. 00
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Reviewer’s Summary:

The activity of 7-ethoxyresorufin deethylase (CYP1A1, 1A2) was inhibited by the
addition of RNH-6270. This inhibition was only by 0.88% at 10 uM and by 9.83% a
concentration of 500 pM. In contrast, furaphylline, the specific inhibitor of CYPIA] -
and CYP1A2 showed increasing inhibition along the increase of the concentration,
and the inhibition reached 99.62% at a concentration of 20 uM.

There was no inhibitory effect of RNH-6270 at all on the activity of coumarin 7-
hydroxylase (CYP2A6). On the other hand, 8-methoxypsoralene, the specific inhibitor
of CYP2AG6, showed 90.40% inhibition at a concentration of 20 pM.

THe activity of S-mephenytoin hydroxylate (CYP2CI9) was inhibited in the presence
of RNH-6270 by 0.91% and 30.10% at concentrations of 10 yM and 500 uM,
respectively. Tranylcypromine, the specific inhibitor of CYP2CI9, inhibited the
activity of S-mephenytoin hydroxylase by 91.48% at a concentration of 500 uM.

The activity of tolbutamide hydroxylase (CYP2CS8, 9) was inhibited in the presence of
RNH-6270 by 6.69% and 41.77% at concentrations of 10 pM and 500 uM,
respectively. Sulfaphenazole, the specific inhibitor of CYP2C8 and CYP2C9, showed
62.35% inhibition at a concentration of 20 uM.

The activity of bufurarol hydroxylase (CYP2D6) was not inhibited by RNH-6270 at a
concentration of 10 UM, while it was inhibited by 10.03 % at a concentration of 500
MM. Quinidine, the specific inhibitor CYP2D6, inhibited thc activity of bufurarol
hydroxylase by 95.24% at a concentration 20 pM.

The activity of chlorzoxazone hydroxylase (CYP2E1) was inhibited in the presence of
RNH-6270 by 20.10 % and 8.35% at concentrations of 10 uM and 500 pM,
respectively. However, a large variation was found in the inhibition percentage, and
no correlation was observed between the inhibitory effect and the RNH-6270
concentration. Diethyldithiocarbamate, the specific inhibitor of CYP2EI, inhibited thc
activity of chlorzoxazone hydroxylase by 92.04% at a concentration of 20 M.

The activity of nifedipine oxidase (CYP3A4) was not inhibited by RNH-6270 in all
experiments. Ketoconazole, the specific inhibitor of CYP3A4, inhibited the nifedipine
oxidase by 78.34% and 100 % at concentrations of 0.1 pM and 5 pM, respectively.
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Conclusions:

Olmesartan (RNH-6270) showed no inhibition on the activities of CYP2A6 and CYP3A4
even at the highest concentration examined (500 uM). Inhibition of the activities of
CYPIAL & 2, CYP2C19, CYP2D6 and CYP2EI were in the range of 8.35%-30.10%.
CYP2C8 & 9 (tolbutamide hydroxylase activity), on the other hand, was found to be
inhibited by 41.77% at this concentration,

Based on these data it can be concluded that olmesartan at clinically relevant
concentrations has little effect on the activities of hepatic drug metabolizing enzymes in
vitro.
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Vol. 6 (Pharmtox/PK)

Study # RAM 140-053

Title: )
Binding of "C-RNH-6270 to Serum Proteins in vitro

Objective:

The objective of the study is to determine the binding ratios of RNH-6270 to serum
proteins of various animal species in vitro.

-~

Method and Experimental Design:

'“C RNH-6270 (1 pg/ml - 100 pg/ml) was incubated with serum samples of mice, rats,
dogs and humans at 37 °C for 5 min. After ultrafiltration, the radioactivity in the filtrate
was measured to determine the free drug concentration. The binding ratio was calculated
according to the total drug concentration and the free drug concentration.

To each 0.9 ml of the serum samples of various animal species, human serum albumin
(HSA) solution (10 mg/ml), al-acid glycoprotein (10 mg/ml) and globulin (10 mg/ml),
0.1 ml of "*C-RNH-6270 was added (1, 10 and 100 pg/ml), and the mixture was
incubated at 37°C for 5 min. In the binding experiments using purified human serum
proteins, the concentration of RNH-6270 was fixed at 1 pg/ml. The samples were chilled
with ice after incubation, and an aliquot of each mixture was transferred into a counting
vial to measure the radioactivity, which served as the total drug concentration (Coar).
Remaining incubation mixture was all transferred into an apparatus for ultrafiltration, and
centrifuged until the filtrate of approximately 10% of the total volume is obtained. An
aliquot of the ultrafiltrate was transferred into a counting vial, and measured for the
radioactivity, which served as the free drug concentration (Cgec). The samples in vials
were solubilized in 1 ml of tissue solubilizer, added 15 ml of a toluene P

and subjected to the measurement of the radioactivity by mv—

The binding experiments were conducted in duplicate, and the mean value was
calculated. The ratio of the protein binding was calculated according to the following
equation:

Cors(dpm) - C,_(dpm)
C... (dpm)

Binding ratio (%) =
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Results

Tabie L. Protein binding ratio of “C-RNH-6270 to mouse, rat, dog and human sera

RNH-6270 Protein binding ratio (%)
Concentration
Mouse Rat Dog Human
} ug/ml 95.4 98.6 95.7 988
10 pg/mil 96.6 99.0 95.5 993
100 pg/ml 94.4 96.6 94.0 99.]1 °

Table II. Protein binding ratio of 'C-RNH-6270 to human serum albumin, @,-

- acidglycoprotein and globulin

Protein spécies Protein binding ratio (%)
albumin 99.4
o,-acid glycoprotein 96.0
globulin 133
Protein concentration: 10 mg/ml

Table 1. Protein binding ratios of various concentrations of **C-RNH-6270 human serum

albumin

RNH-6270 Free form conc. Bound form conc. Protein binding ratio

Conc. (uM) (LM) (LM) (%)

40 0.05 39.95 99.87

60 0.23 59.17 99.62

80 095 79.05 98.81

100 1.85 98.15 98.15

125 521 119.78 95.83

150 9.71 140.30 93.53

175 16.77 158.24 90.42

200 24.80 175.20 87.60

250 50.35 199.65 79.86

300 78.24 221.76 73.92
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TableIV. Protein binding ratios of various concentrations of “C-RNH-6270 to human a,-
acid glycoprotein

RNH-6270 Free form conc. Bound form conc. | Protein binding ratio
Conc. (uM) ®M) M) (%)
40 592 34.08 85.19
60 12.50 42.50 79.16
80 22.75 57.25 71.56
100 35.61 64.39 - 64,39
125 50.58 74.43 59.54
150 75.56 74.45 49.63
175 89.67 85.33 4876
200 112.42 87.58 43.79
. 250 157.53 92.48 3699
- 300 208.47 91.53 3051

Table V. Inhibition of protein binding of RNH-6270 10 human serum albumin by diazepam,
digitoxin and warfarin

Competitor RNH-6270 conc. Protein binding ratio (%)
M
®M) Absolute values Relative values
Control 1 99.3 100.0
100 932 100.0
Diazepam 1 99.4 100.1
100 95.8 1029
Digitoxin 1 99.4 100.1
100 95.3 102.3
Warfarin l 95.6 96.2
100 857 92.0

Human serum albumin concentration: 100 uM
Competitor concentration: 100 uM
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Fig. 2 Scatchard plot of protein binding of RNH-6270
to human serum albumin
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Reviewer’s Summary:

e The binding ratios of RNH-6270 at the concentrations of 1, 10 and 100 pg/ml were
very high ranging from 94.0% to 99.3% in all animal species, including humans.

e The binding ratios of various concentrations of "*C-RNH-6270 (40 pM-300 uM) to
HSA solution at the constant concentration of 100 pM are almost constant (98.2% -
99.9%). The binding ratio showed a slight decrease at 125 pM, and further decreased
as the concentration of RNH-6270 increased, reaching 73.9% at 300 pM.

» Based on the Scatchard plot, the binding to HSA is biphasic. However, the binding to
aT*acid glycoprotein was monophasic.

¢ Adding the cocktail of highly protein bound drugs such as diazepam, digitoxin and
warfarin, had no effect on the binding of olmesartan to HSA.'However, it should be
noted that warfarin caused slight reduction (4-6%) in binding of RNH-6270 to HAS
(See above tables).

Conclusion:
Based on the above data, olmesartan is considered as a highly bound drug in animals and

humans (94.0% - 99.3%). Highly bound drugs such as diazepam, digitoxin, and warfarin

do not appear to cause any significant competitive effect on the binding of olmesartan to
HSA.
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Vols. 1.1, 1.2, and 31

Dissolution Methods:

Apparatus II: USP (Paddies)

Speed: 50 rpm

Medium: 1000 ml (250 ml 0.2 N KH,PO,4 + 118 ml NaOH 0.2 N filled with
water to 1000 ml)

Specification: Not less than =% (Q) in 30 minutes

Count of Samples: 6 each

Sampling Time: 5,10, 15, 20, 30, 45, and 60 minutes

Resultg:

The following Tables and Figures show the mean and individual dissolution results for
some of clinically used formulations:

TABLE 6.6.6.1a: Dissolution Results of CS-866 Tablets Used in Sankyo USA and
Sankyo Europe GmbH Clinical Trials Under Standard Release

Testing®
Date of Tablet Units Mean %
Test Strength Lot No. Tested Range Dissolved % C.V.
08/25/98 5mg 2232V98014 12 — 95.7 S——
09/01/98 10 mg 2233V98016 12 —— 954
09/01/98 20 mg 2234V98013 12 — 92.0
10/19/99 20mg 2234V99013 6 —— 96.0 —

* Dissolution Apparatus = Paddle (Ph. Eur.); Media = JP2; Temp = 37°C; Speed of
Rotation/Flow = 50 rpm and Collection Times = 30 min.
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TABLE 6.6.6.1b: Dissolution Profilesof. — iand. ~——— 1(S-866
Tablets Manufactured by Sankyo Pharma GmbH Compared to
CS-866 Tablets Manufactured by Sankyo Co., Ltd.

Percent of Label Claim Dissolved in Minutes

Tablet 5 10 20 30 45 60
Formula  Conditions Let No. min ___min min min min___min
Sankyo Medium:
Co.,Ld.  Second D97/T02 Mean 40 65 8l 89 94 97
fluid JP SD 2 2 1 1 1
Paddle ®CV —
Sankyo g%csm
Pharma 2233V98019* Mean 15 21 28 32 36 40
GmbH SD ! 1 2 2 23
%CV I ——
2233V98017°  Mean 32 48 60 67 %79
SD 2 2 2 2 2 2
%CV SR—.
2233V98018°  Mean 61 82 93 96 98 98
SD 2 1 1 1 1 1
%CV s—,

* Lot Numbers used in SE-866/22Sankyo Co., Ltd. Results
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TABLE 6.6.6.2a: Dissolution Results of CS-866 Tablets Used in Sankyo USA and
Sankyo Europe GmbH Clinical Trials Under Standard Release

Testing"
Dateof  Tablet Units
Test Strength _ LotNo.  Tested Range Mean% % C.V.
2/13/95 25mg  201F 6 103
11721795 25mg 217 6 105
$/19/97 25mg 290 6 102
2113195 Smg  202F 6 100
11121195 Smg 218 6 102
5/19/97 5mg 291 6 101
8/11/97 Smg D97/TOL 6 102
2/13/95 10mg  203F 6 100
1112195 10mg 219 6 102
5/19/97 10mg 292 6 102
8/11/97 10mg  D97/T02 6 101
2/13/95 20mg  204F 6 100
8/29/95 20mg 232 6 101
11721195 20mg 220 6 101
5/19/97 20mg 293 6 100
8/11/97 20mg D9/TO3 6 100
5/19/97 40mg 294 6 100
9/10/99 20mg  E99T03 6 100.7

? Dissolution Apparatus = Paddle (JP Method 2); Media = JP1; Temp = 37°C; Speed of
Rotation/Flow = 50 rpm and Collection Times = 30 min.
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6.6.7 Appendices

6.6.7.1 List of Formulations

TABLE 6.6.7.1a: Clinical Formulations Used in CS-866 Clinical Trials

Tablet
Process Batch Manufacturer
NoJ/Change Strength (mg) - | C5-866* Dosage Form Study No. Lot. No.! Size
Tablet 143-005 231 ‘ Sankyo Co.. L1d.
Tablet 141011, 141-041 180 Sankyo Co.. Ltd.
Tablet SE-866/03, SE-866/06 224 Sankyo Co.. Lid
SE-866/08, SE-R66/09 | 2235V95021
SE-866/18, SE-866/19
SE-866/20
Tablet SE-866/09. SE-866/17 225 Sankyo Co.. Ltd.
— 2235V95022
Tablet |-SE.866/09 _SE-866/I8 _ 226 Sankyo Co., Ltd.
SE:866/19 SE:B660 | 2235V95023
Placebo Tablet | SE-866/10, SE-866/11 296 Sankyo Co.. 1.ad.
SE-866/15 2235V9700}
Tablet [ 866-101. SE-866/01, 200F Sankyo Co.. L.
-102. SE-866/02, 2235V95001
SE-866/04, SE-866/07
Tablet 866-204 222 Sankyo Co.. Lid.
Tablet 223 Sankyo Co.. Lud.
Tablet 866-305, 866-306 295 Sankyo Co.. L.
Tablet SE-866/10-01 2235V98001 Sankyo Pharma GmbH
Tablet | SE-R66G/18. SE-866/19 DY/TO4 Sankyo Co.. Lid.
SE-866/20 — 2235V97003
B.D Tablet SE-866/11, SE-866/12, 290 Sankyo Co.. Ltd.
| SE-8BG/2T, 866-305 2231V97001
A.C 28 Tabjet SE-866/01, SE-866/04 201F Sankyo Co.. Lud.
. 2231V95001
B.C Tablet _SE-R66/03, SE-866/09 217 - Sankyo Co.. Lid.
866-204 2231V95003
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TABLE 6.6.7.1a: Clinical Formulations Used in CS-866 Clinical Trials (Continued)
Tablet
Process Batth Manufacturer
No/Change Strength (mg) | CS-866* Dosage Form | Study No. Lot, No.! Size
B.D Tablet SE-866/10, SE-866/11 | 291 Sankyo Co., Ltd.
| SE-866/12, SE-866/14, | 2232V97001
SE-866/16, SE-866/21
| 866-105, 866-306
AC Tablet SE-866/01, SE-866/04 | 202F Sankyo Co., Ltd.
5 2232V95001
B.C Tablet | SE-866/03, SE-866/09 218 Sankyo Co., Lud.
866-204 [ 2232V95003
D, E, Gl Tablet 2232Vv98014 Sankyo Pharma GmbH
B.D Tablet |_SE-866/10. SE-866/18, | D97/TO1 Sankyo Co.. Ltd.
SE-866/19, SE-866/20 | 2232V97003
B,D Tablet SE-866/10, SE-866/11 | 292 Sankyo Co.. Lid.
SE-B66/12, SE-866/17 2233V97001
SE-866/18, SE-866/19
SE-866/20,866-109
“§66-305. 866-306
A C Tablet 866-101, SE-866/01, 203F Sankyo Co.. Lid.
| SE-866/02, SE-866/04 2233V95001
B.C Tablet _SE-866/03, SE-866/06 ({ 219 Sankyo Co., Lid.
10 SE.-866/09, 866-204 2233V95003
| G1.D.E Tablet _SE-866/22 2233V98018 Sankyo Pharma GmbH
\,D,E Tablet « SE-866/22 2233V98019 Sankyo Pharma GmbH
G2.D.E Tablet | SE-866/22 2233V98017 Sankyo Pharma GmbH
D.E, Gl Tablet — 2233V98016 Sankyo Pharma GmbH
B,D Table’ 1 SE-866/14, SE-866/16, | D97/T02 Sankyo Co., Ltd.
¢ SE-866/18, SE-866/19, | 2233V97003
- SE-866/21,
| SE-R66/22
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TABLE 6.6.7.1a: Clinical Formulations Used in CS-866 Clinical Trials (Continued)
Tablet
Process Batch Manufacturer
NoJ/Change Strength (mg) | CS-866* Dosage Form | Study Ne. Lot. No.! Size
B.D Tablet 866-116 E99T03 . Sankyo Co., Lud.
B, D Tablet 143-005 230 Sankyo Co., Lid.
B.C Tablet SE-866/03, SE-866/05. | 220 Sankyo Co., Lid.
| SE-866/06, SE-866/08, | 2234V95004
_SE-866/09, 866-204
AC Tablet SE-866/07 232 Sankyo Co.. Ltd.
- 2234V95003
AC Tablet 866-101, SE-866/01, 204F Sankyo Co., Ltd.
866-102, SE-866/02, 2234V95001
20 | SE-866/04, 866-103.,
SE-866/07 —
B,D Tablet 866-108, SE-866/10, 293 Sankyo Co., Ltd.
SE-866/12, SE-866/17, | 2234V97001
866-110, 866303,
866-306—
D.E. Gl Tablet S 2234V98013 Sankyo Pharma GmbH.
F,GI,H Tablet 866-116 2234V99013 Sankyo Pharma GmbH
B.D Tablet _SE-866/15, SE-866/18 | D97/T03 Sankyo Co., Lud.
SE-866/19, SE-866/20 2234V97009
B,D 40 Tablet - 866-305, 866-306 294 Sankyo Co., Ltd.
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TABLE 6.6.7.1a: Clinical Formulations Used in CS-866 Clinical Trials (Continued)
Tablet
Process . Batch Manufacturer
NoJ/Change Strength (mg) | CS-866* Dosage Form | Study No. Lot. No.! Size
MR145-091* 11 Tablet 141-010 151 Sankyo Co., L.
MR145-091 2 Tablet 141-010 152 j Sankyo Co., Lud.
MR145-091 4 Tablet 141-010, 141-0t 153 ! Sankyo Co., Ltd.
MR145-091 8 Tablet 141-010, 141-011 154 Sankyo Co., Ltd.
— 141-012
MR145-091] 16 Tablet 141-0Q10, 141.011, 155 Sankyo Co., Ltd.
141-041
20 C-CS-866 powder SE-866/13 D-970715 —
20 Powder SE-866/13 NH209 Sankyo Co., Ltd.
20 Suspension 866-108 K97T05 Sankyo Co., Lid.
16 RNH-6270 solution | 866-107, 866-108, K97TO} Sankyo Co.. Ltd.
866-109

*Except as noted

A = CS-866 Drug Substance .

B = CS-866.
C=
D=

E = Manufacturing excess

F = Manufacturing excess

G1 = CS-866 Drug Substance .
G2 = CS-866 Drug Substance »

H = Commercial tablet formulation, different excipient to drug ratio, larger tablet weight, larger tablet size
* If more than one Lot No. is indicated the first Lot No. is the one assigned by the manufacturing site; the second Lot No. is the one subsequently assigned by the

subsidiary.

4
* See Sankyo Co., Ltd. report MR145-091°



( CS-866 20 mg: 2234V995005

Dissclution testing: 7 Buid JP; 37°C; paddic speed 30 rpm
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CS-866 40 mg: 2236V99005

Disselution testiag: 2™ fuld JP; 37°C; paddle speed S8 rpm
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Table 3.4.3. 1: Sankyo Co., Ltd. Clinical Development Formulations

Ingredient

2.5 mg
tablet

Smg
tablet

10 mg
tablet

20 mg
tablet

40 mg
tablet

CS-866

2.5mg

Smg

10 mg

20 mg

40 mg

Microcrystalline
cellulose

1

L-hydroxypropyl
cellulose

Lactose,
monohydrate

Hydroxypropyl
" cellulose

Magnesium
Stearate

Tablet Core
Weight

Coating Mass

Total Tablet
Weight

110 mg

110 mg

Tablel shape

Round

Round

Tablet Core
Dimensions

C\DMAUTORTEMP\QBR2.DOC:SH
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Table 3.4.3. 2: Sankyo Pharma GmbH Commercial Formulations

| Ingredient

5 mg tablet

10 mg tablet

20 mg tablet

40 mg tablet

CS-866

5mg

40 mg

Microcrystalline
cellulose

10 mg

20 mg

L-hydroxypropyl
cellulose

Lactose,
monohydrate

Hydroxypropyl
> cellulose

Magnesium
Stearate

Tablet Core
Weight

—— —

dowrnn

Coated Tablet
Weight

RELEKR

Tablet shape

Round

Round

Round

Oval

Tablet Core
Dimensions

CA\DMAUTOP\TEMP\QBR2.DOC:SH
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Reviewer’s Comments:

1. The tablets are rapidly dissolving with=— % dissolved in 15 minutes.
2. The % CV for all formulations i1s —%.

3. The sponsor has tested the product with one dissolution medium only. The Agency is -
usually requires three dissolution medium.

Conclusion:

Based on the data presented, the following dissolution method and specifications are
recommended:

Apparatus 1I: USP (Paddles)
Speed: 50 rpm
Medium: 1000 ml (250 ml 0.2 N KH,PO, + 118 ml NaOH 0.2 N filled with
water to 1000 ml)
Specification: Not less than « % (Q) in 30 minutes
0/
“p
04: 0 J' ,0
'P/c/ {y
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Report
Dissolution Profiles: CS-866 Tablets, 20 and 40 mg

A dissolution profile study was conducted on 20 mg and 40 mg CS-866 Tablets
manufactured by Sankyo Pharma GmbH to ascertain the similarity of dissolution profiles
of these two dosage forms. The study was done to provide supportive information to
NDA 21-286 in support of a Waiver of In Vivo Bioavailability/Bioequivalence Studies.

The following dissolution conditions were used for the profiles.

USP Apparatus 2, Paddle, 50 rpm.

Media Tested. One liter of media maintained at 37° C was used in all cases.
Purified Water
JPFluid 1,pH 1.2
JP Fluid 2, pH 6.8

Samples:

CS-866 20 mg Tablets: Lot 2234V99013
CS-866 40 mg Tablets: Lot 2236V99011

Number of Tablets per dissolution profile: 12

Sampling Intervals: 5, 10, 20, 30, 45, and 60 minutes.

Assay: =

The study was performed at Sankyo Pharma GmbH, Pfaffenhofen, Germany.

The data are given in the Tables 1-6 and graphically in Figure 1.

The calculated similarity factors (Table7) for the dissolution of the 20 and 40 mg CS-866

Tablets demonstrates the similarity of the dissolution profiles of the two tablet strengths
in different media.

Ap
0':{:(4)'?& 7 /// Ay
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Table 1
CS-866 20 mg Lot 2234V99013, Purified Water, 37°C, 50 rpm
Sample Dissolution [%)
S min |16 min ] 20 min ]30 min ]45 min ] 60 min
N — + 4 .
2
3
4
5
6
7
8
9
10
1 -
rz -
Count of 12 12 12 12 12 12
samples
Mean {%} 10.03 19.65 26.94 29.95 32.34 33.98
Rel. Sud. [%] 17.8 4.8 3.1 1.8 1.5 1.6
Conf. limits[%)*
from 8.89 19.05 2641 29.61 3203 33.63
to 11.17 20.25 27.47 30.29 32.65 34.33
*a = 0.05
Table 2
CS-866 40 mg Lot 2236V99011, Purified Water, 37°C, 50 rpm
Sample Dissolution [%)]
5 min 110 min [20 min [ 30 min 45 min ] 60 min
1
2
3
4
5 ——— -
6
7
8
9
10
11
12
Count of samples 12 12 12 12 il 12
Mean (%] 7.93 16.36 20.47 22.08 23.32 24.13
Rel. Std. (%) 174 40 3.6 3.2 3.0 2.6
Conf. limits [%]*
from 7.05 15951%- 20.01 21.63 22.88 23.73
10 8.81 16.77 20.93 22.53 23.76 24.53
*a = 0.05
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Table 3

CS-866 20 mg Lot 2234V99013, 1* fluid JP (pH 1.2), 37°C, 50 rpm

Sample Dissolution {%] -
S min 110 min 120 min |30 min [45min__ [60min

3 +— +

2

3

4

5

6 J

7 -4

8 ~
L d 9 ~
~[10 ]

11

12

Count of samples 12 12 12 12 12 12

Mean (%) 61.03 97.75 104.35 104.68 104.87 105.07

Rel. Std. [%] 229 2.5 0.8 0.7 0.7 0.9

Conf. limits {%)*

from 52.16 96.2 103 82 104.19 104.37 104.49

10 69.90 99.3 104 R8 105.17 105.37 105.65

*a = 0.05

Table 4
CS-866 40 mg Lot 2236V99011, 1* fluid JP (pH 1.2), 37°C, 50 rpm
Sample Dissvlution [%])
5 min 110 min _[20min 130 min 145 min | 60 min

l - p— - -

2

3

4

5

6

7 _

8

9

10

11

12

Count of samples 12 12 12 12 12 W3

Mean [%) 51.01 92.05 104.08 104.65 104.78 104.92

Rel. Std. (%] 19.5 5.0 0.7 0.8 0.8 0.8

Conf. limits [%)*

from 44.69 89.13 103.65 104.13 104.24 104.36

to 57.33 94.97 104.51 105.17 105.32 ~ 10548

*a = 0.05
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Table §

CS-866 20 mg Lot 2234V99013, 2™ fluid JP (pH 6.8), 37°C, 50 rpm

Sample Dissolution [%]

Smin |10 min 120 min T30 min 145 min 160 min
l M - - T = T T~
2 S
3
4
5
6
7
R
9
10
T N
12 tha
Count of samples 12 12 12 12 12 12
Mean [%) 37.49 73.92 89.51 94.52 97.28 98.19
Rel. Sud. [%]) 11.3 1.9 0.9 0.8 0.7 0.8
Conf. limits [%]* .
from 34.81 73.02 88.99 94.03 96.85 97.68
to 40.17 74.82 90.03 95.01 97.71 98.70
*a = 0.05

Table 6

CS-866 40 mg Lot 2236V99011, 2™ fluid JP (pH 6.8), 37°C, 50 rpm
Sample Dissolution {%]

S min 116 min 120 min T30 min {45 min 1 60 min
i e
2
3
4
5
6
7
8
9
10
11
12
Count of samples 12 12 12 12 12 2o
Mean [%] 29.82 64.14 80.12 85.84 90.37 92.52
Rel, Sid. (%) 16.2 34 1.3 1.2 0.9 1.0
Conf. limits [%]*
from 26.75 62.77 79.44 85.18 89.85 91.96
to 32.89 65.51 80.80 86.50 90.89 93.08
*a = 0.05
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Figure 1

Sankyo Pharma GmbH Dissolution Profiles for 20 and 40 mg CS-866 Tablets
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Using these data, calculation of the f2 or similarity factor was made for the mean data in
each of the three media. The similarity factors (f2) were calculated according to the
equation given in the Guidance for Industry, Waiver of In Vivo Bioavailability and
Bioequivalence Studies for Immediate-Release Solid Oral Dosage Forms Based on a
Biopharmaceutics Classification System, dated August 2000. The calculated f2 values
comparing the dissolution profiles of the 20 and 40 mg tablets in each of the three media
are given below in Table 7. The guideline states that mean data should be used only
when the variation is less than 20% at earlier time intervals. Only one of the early
sampling intervals, the 5 minute sample of the 20 mg tablet in JP 1 fluid, has a variance
larger than 20% and only by a small amount. The similarity factor was calculated for this

C:\DMAUTOP\TEMP\QBR2.DOC:SH 185



sample using individual values and was found (o still exceed 50. Therefore, mean data
were used for all calculations.

Table 7
Similarity Factors (f2) for Mean Dissolution Data
Dissolution Media Similarity Factor (f2)
JPFluid 1,pH 1.2 65.9
JP Fluid 2, pH 6.8 54.3
Purified Water 57.4

Based on the interpretation given the Guidance for Industry, Waiver of In Vivo
Bioavailability and Bioequivalence Studies for Immediate-Release Solid Oral Dosage
Forms Based on a Biopharmaceutics Classification System, dated August 2000, the data
demonstrate the similanity the dissolution performance of the 20 and 40 CS-866 Tablets
in all the media tested.

The differences in the dissolution rates of CS-866 tablets in the different media is
explained by the solubility dependence of CS-866 with pH. The following table
demonstrates the pH-solubility relationship.

Table 8
Solubility of CS-866 at Various pH Values
Buffer pH' Solubility in ug/mL
JP-1 (pH 1.2) 1.23 568
2.0 2.04 112
4.0 3.99 0
Water 5.67 8
6.0 6.00 24
JP-2 (pH 6.8) 6.82 128
8.0 7.76 424

Note 1: pH of the solution after saturating the solution.

Although the FDA guideline indicates that pH 4.5 media should be used for dissolution
profiles, we utilized Purified Water, as the drug is almost totally insoluble around pH 4.

Solubility at pH 1.2 is very rapid and complete afier approximately 20 minutes. At pH
6.8 the rate is significantly slower. For information, pH 6.8 was selected as the
discriminating dissolulion media for CS-866 Tablet release testing. The dissolution of
both the 20 and 40 mg tablets is much slower in water. This is attributed to the limited
solubility of the drug in water.

In summary, calculation of the similarity factors for 20 and 40 mg CS-866 Tablets
demonstrates there are no differences in any of the three media studied.
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Calculation of F2

Lot# (Ref) 2234V99013 (20 mg tablet)
Lot# (test) 2236V99011 (40 mg tablet)

2nd media (pH 6.8)
Time (min) ref (%) test (%) R-T (R-T)2
‘ ‘ | ‘
. Sum

91.43498
0.104012
10.40116
1.017082

Similarity f2 50.85409

Conclusions:

1) Since the F2 is 550, the two dissolution profiles of the tow formulations are similar
2) Waiver for bioequivalant study is granted
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